Abstract: Pemphigoid disease is classified according to the phenotypical location of the disease and the presence of different types of antibodies. The ocular distribution of pemphigoid mainly occurs in patients with bullous pemphigoid and mucous membrane pemphigoid. Several immune cells, including the cells of the innate immune system (neutrophils and γδ T cells) and the adaptive immune system (T and B cells), are involved in pemphigoid disease. The treatment of pemphigoid is still wide-ranging, and the most utilized treatment is the use of immunosuppressants and corticosteroids. In this scenario, it is absolutely important to screen the immune cells that are involved in this group of diseases and to determine if a targeted treatment approach is plausible. In conclusion, this review will identify some newer treatment possibilities for the whole spectrum of pemphigoid diseases.
Introduction
Ocular cicatricial pemphigoid (OCP), which is also known as ocular mucous membrane pemphigoid (MMP), is a rare, chronic auto-immune disorder that mainly affects the conjunctiva, the extraocular mucous membranes, and, occasionally, the skin. Ocular involvement is the hallmark indication of OCP, and this ocular involvement is also associated with a poor prognosis. Although the exact cause of this disease is not clearly understood, due to the presence of auto-antibodies, it is presumed that this disease has an auto-immune cause. 1 OCP is a progressive disease, and it can result in blindness in the absence of proper timely treatments. Moreover, because OCP may be associated with extraocular manifestations, it is generally considered to be of medical importance. 2 The annual incidence of OCP has been estimated to range from 1 in 15,000 to 1 in 46,000 ophthalmic patients. OCP affects far more women than men, with an approximate ratio of 2:1, respectively. Both environmental and genetic factors seem to be important in determining OCP susceptibility; additionally, there is no evidence regarding racial or geographic predilections. 3, 4 Ocular involvement is frequently observed in OCP patients, with this involvement affecting 60-77% of the cases. [5] [6] [7] Prognostically and therapeutically, the involvement of the eyes immediately classifies these patients as being a 'high-risk' group of MMP patients because of the visionthreatening consequences. 2 There are some events of extraocular involvement in OCP patients, with incidence rates reported as either 46-50% or as high as 82%. 4, 5, 7 Red eyes and itchiness are two of the most common symptoms of OCP, which may be diagnosed as cicatricial conjunctivitis and ocular allergic disease in the initial stages. There are four stages in the modified Mondino-Foster staging system for the diagnosis of OCP, which consist of subconjunctival scarring and fibrosis, fornix foreshortening of any degree, the presence of symblepharon of any degree, ankyloblepharon, and frozen globe. 8 Histological analyses of these patients have demonstrated an infiltration of different immune cells during the acute disease, including macrophages, dendritic cells and neutrophils (which are cells representing innate immunity), and auto-reactive T cells and increased levels of fibrogenic growth factors in the subepithelial stroma of the conjunctiva in OCP (which are cells and factors that represent adaptive immunity). 9, 10 For the systemic treatment of OCP, immunosuppressive drugs, such as methotrexate and azathioprine, are effective. In contrast, there is no specific therapy for OCP that only targets the ocular surface. 1, 11 Definition and classification of pemphigoid diseases Definition According to the World Health Organization (WHO), bullous dermatosis diseases are characterized by the formation of multiple blisters in the epidermis and mucous membranes. Pemphigus, bullous pemphigoid, and dermatitis herpetiformis are three of the most prevalent auto-immune blistering diseases. Pemphigus is a group of auto-immune diseases that presents as blisters on the skin and mucous membranes. There are two well-known auto-antibodies against desmogleins 1 and 3, which cause acantholysis. The classification of pemphigoid diseases (PDs) also varies. Some PDs are classified based on the location of the disease, and some PDs are classified based on the antibodies that they produce. Regardless of the pemphigus subtype, auto-antibodies against the self-antigens can cause blisters (except for pemphigus foliaceus) and scabs in the epidermis. [12] [13] [14] [15] The most utilized treatment for this group of diseases is immunosuppressive drugs (such as mycophenolate mofetil and azathioprine) and corticosteroids (such as prednisone). In addition, steroids are prescribed in topical forms or are administered by injections (systemic steroids). The only first-line therapy for pemphigus is the use of rituximab, and it has been recently approved by the Food and Drug Administration (FDA) for the treatment of these conditions, in order to prevent new auto-antibodies from forming. Rituximab primarily targets CD20, and it is still recommended for the treatment of different auto-immune diseases and cancer. 12, [16] [17] [18] [19] Thus, a targeted, specific therapy is still needed for the group of PDs.
Classification of PDs
The most traditional classification of PDs by the rare disease database is characterized as follows: (1) drug-induced pemphigus, (2) endemic pemphigus (fogo selvagem), (3) pemphigus erythematosus (Senear-Usher syndrome), (4) pemphigus foliaceus, (5) pemphigus vegetans, and (6) pemphigus vulgaris. [20] [21] [22] Figure 1 illustrates the different types of PDs and their interplay with different immune cells.
Among these PD types, pemphigus vulgaris is the most common form of PD in the United States and involves the formation of lesions that are associated with the mucus membrane. Pemphigus vegetans is primarily associated with the skin fold areas (flexures), whereas the lesions are primarily associated with lupus and oil-producing glands (sebaceous glands), such as the cheeks, scalp, upper chest, and back. Pemphigus foliaceus is primarily associated with the upper layer of the epidermis, and little or nearly no involvement has been observed to be associated with the mucus membrane. However, the endemic form of pemphigus is observed in some rural pockets of the world, with incidences primarily observed in Central America and South America. Druginduced pemphigus is associated with drugs used to treat blood pressure or heart failure conditions, such as the angiotensin-converting enzyme inhibitor captopril. In addition to this classification, there are pemphigoid-associated disorders, such as paraneoplastic pemphigus, IgA pemphigus, bullous pemphigoid (BP), MMP, pemphigoid gestationis (PG), linear IgA dermatosis (LAD), lichen planus pemphigoides (LPP), and anti-p200 pemphigoid. Among these disorders, the types that are associated with anti-BP180 autoreactivity are BP, PG, LAD, LPP, and a subgroup of MMP, and these types may form a continuous spectrum of subepidermal auto-immune blistering dermatoses. 23 Men and women are affected by pemphigus in equal numbers. Pemphigus is a rare disease, and the annual incidence is estimated to be 0.7-5 people per 10,000,000 people in the general population. The mean age of pemphigus onset is the fifth and sixth decades of life in most patients, and it is rarely reported in children. In contrast, the annual incidence of BP was reported to be between 4.5% and 14% in central Europe. Interestingly, there are some data describing an increased number of patients with BP in Germany and Great Britain during the last two decades. This increase is plausibly due to either the increasing age of the general population or to an increased awareness, or both, which may lead to further diagnostic steps. When regarding MMP and PG, these PD types are considered to be the second most frequent PDs in central Europe, with the yearly diagnosis rate estimated as two new patients/million patients. [24] [25] [26] [27] [28] [29] 
Ocular manifestations
One of the major ocular manifestations for pemphigoid diseases is OCP, which is a subtype of MMP. Because of the presence of auto-antibodies, this subtype is considered to be auto-immune conjunctivitis, and it can lead to cicatrization scarring of the conjunctiva. 30 The annual incidence rate may be 1 in 12,000-60,000 people, according to the American Academy of Ophthalmology. It has been demonstrated that OCP represents 61% of cicatricial conjunctivitis cases, with an annual incidence rate of 1 person in 1 million people. OCP affects far more women than men, with an approximate ratio of 2:1, respectively. 31, 32 During the early stage of OCP is characterised by the clinical symptoms of the tearing, irritation, burning or mucus drainage. As it is a progressive disease, severe conjunctiva scarring and even vision loss are expected in the absence of proper treatment. OCP is not limited to ocular manifestations, and such patients could exhibit the involvement of other mucosal sites and, occasionally, the skin. There are different available treatments for OCP, including the use of corticosteroids and other immunosuppressants as adjuvants. Such treatments aim to control disease activity but are not used to actually cure the disease.
The exact pathogenesis of OCP has remained largely unknown. However, there are some data that suggest a type II hypersensitivity response, which is caused by an auto-antibody to a cell surface antigen in the basement membranes of the conjunctiva epithelium and other similar squamous epithelia, may be responsible. Two auto-antibodies (anti-BP230 and anti-BP180) have been largely studied in BP patients, and these antibodies have also been detected in OCP patients. However, further investigations have revealed that the more likely auto-antigen is actually the β4 subunit of the α6β4 integrin of the hemidesmosomes. When regarding the genetic susceptibility of OCP, HLA-DR4 and HLA-DQB1*0301 alleles have been observed to be strongly associated with pemphigoid disease variants, particularly for OCP. HLA-DQB1 *0301 is thought to bind to the β4 subunit of the α6β4 integrin (the suspected auto-antigen in OCP). [33] [34] [35] [36] [37] [38] The involvement of inflammatory molecules in pemphigoid disease is also quite diverse. The prevalence of the cells of the innate immune system is more in comparison with the adaptive immune system. The associated cellular inflammatory infiltrates of the epithelium and the substantia propria manifest as chronic conjunctivitis, which is frequently observed in OCP patients. Eosinophils and neutrophils are the two key cells in OCP, and they cause inflammation in the early and acute phases of the disease. The chronic phase of the disease has a largely lymphocytic infiltration, and fibroblast activation leads to subepithelial fibrosis, which, in the early phase of the disease, appears as fine white striae. Other symptoms of the disease are conjunctival shrinkage, symblepharon formation, and forniceal shortening. Patients with severe conjunctival fibrosis are likely to develop entropion, trichiasis, and symblepharon, and the development of these conditions is usually followed by the development of keratopathy and corneal vascularization, scarring, ulceration, and epidermalization. OCP has a wide range of presentations, and there are varying degrees of disease severity. Recurrent inflammation causes a loss of Goblet cells and the obstruction of the lacrimal gland ductules, which then leads to deficiencies in aqueous and mucous tears. The resulting xerosis is severe, and an associated progressive subepithelial fibrosis and destruction of limbal stem cells lead to a limbal stem cell deficiency and ocular keratinization. Interleukin 1 (IL-1), tumor necrosis factor α (TNFα), migration inhibition factor (MIF), macrophage colony-stimulating factor (MCSF), and IL-13 have been demonstrated to be elevated in the conjunctival tissues of OCP patients. Among these cytokines, IL-13 not only has a pro-fibrotic effect but also has pro-inflammatory effects on conjunctival fibroblasts. These effects seem to indicate the development of progressive conjunctival fibrosis, which occurs despite clinical quiescence. Furthermore, tear samples of OCP patients have revealed elevated levels of IL-8, matrix metalloproteinase (MMP)-8, MMP-9, and myeloperoxidase (MPO), and this abundance of inflammatory molecules is associated with neutrophilic infiltration in these patients. 30, 31, [39] [40] [41] [42] [43] [44] The propensity of immune cells in different OCP conditions The spectrum of involvement of different immune cells is described in Figure 1 . 23, 42, [45] [46] [47] [48] [49] The two prominent cell populations that are modulated in the pemphigoid diseases with ocular manifestations are neutrophils and T-helper (T H ) 17 cells in humans, and a coordinated, balanced mechanism between neutrophils and Tregs has been observed in mice. Ocular MMP is a rare disorder, with a minimum incidence rate estimated at approximately 0.8-1.6/million/year and a mean age of onset of 65 years. In contrast, this disorder may occur with a more aggressive phenotype in younger patients, with up to 30% of these patients not responding to immunomodulatory therapy and 40% of the patients demonstrating progressive conjunctival fibrosis in the absence of clinically detectable ocular surface inflammation, which invariably leads to a delayed diagnosis. [50] [51] [52] In the acute stage of the disease, the inflammatory process in ocular MMP is manifested as conjunctival inflammation that is characterized by redness, edema, limbitis, and pain to varying degrees. In this situation, clinicians rely on subjective clinical quantifications of disease activity and evaluate the signs of inflammation, such as redness and edema, and grade the signs of inflammation into none, mild, moderate, or severe scores, to monitor inflammation and to suggest the initiation of immunosuppressive therapy. In addition to this confusion, conjunctival scarring may progress even when the eye is not visibly inflamed. This phenomenon suggests that either there is a selfperpetuating fibrotic process in the absence of inflammation or, alternatively, there is a persistent inflammation that results in a progressive conjunctival fibrosis. [51] [52] [53] [54] In the OCP condition, auto-antibodies against the hemidesmosome subunits [including epiligrin (subunit of laminin 5), BP230, and BP180] at the basement membrane zone (BMZ) cause the development of blisters. Consequently, these auto-antibodies lead to complement activation and the accumulation of inflammatory cells in the stroma. 2, 55, 56 However, the family of CD4 + T cells that are involved in the process could be different subtypes of T H lymphocytes, which produce some specific cytokines in large amounts when they become activated. One of the well-known T H subtypes is the T H 1 cell, which is a source for interferon γ (IFNγ) and IL-2. T H 2 cells mainly produce IL-4, IL-5, and IL-13, which have also been described years ago. T H 17 cells, which are a relatively new subtype, are the main source for IL-17. This type of cell significantly contributes to tissue inflammation in different auto-immune diseases, such as inflammatory bowel disease, psoriasis, multiple sclerosis, systemic lupus erythematosus, [57] [58] [59] [60] [61] [62] [63] [64] The CD4 + infiltrate is thought to be cells of the T H 2 cell phenotype, which are associated with the activation of transforming growth factor β (TGFβ) and IL-13. 40, 65 In another paper, T H 17 cells have been demonstrated to help in the migration of immune cells to mucosal layers and to help in the production of different pro-inflammatory cytokines, which consequently regulates the mucosal immune response to tissue damage. 42 The mechanism in animal models seems to be slightly different, wherein there is a plausible connection between the adaptive and innate immune systems. The reason for this connection is due to the numbers of Tregs being higher in mice (60-80%), compared with humans (5-20%). 66, 67 PDs are caused by auto-antibodies, which target autoantigens that are located in the skin layers. After the binding of the auto-antibody to the self-antigens, some immune cells and myeloid cells become active through the activation of Fcγ receptors. These cells bind to the skin-bound immune complexes (ICs), after which there is a release of reactive oxygen species (ROS) and proteases that results in skin inflammation and the development of subepidermal blisters. [68] [69] [70] [71] Ex vivo studies have demonstrated the critical roles of macrophages/monocytes 72 ; however, there are not enough data from in vivo studies. Another cell type is the mast cell, which seems to be required for BP development. 73 In addition to these cells, natural killer T (NKT) and γδ T cells have been observed to be involved in the pathogenesis of this disease. Each of these cells is a source for TNFα, which can induce CD18 expression and CD62L shedding in the neutrophils. 74 Among the BP patients, a lack of Tregs and an increased number of T H 17 cells have been reported, compared with the healthy controls. 75, 76 Animal models for BP can allow researchers to distinguish the effects of regulatory and pro-inflammatory cells in each of the stages, with effects including tolerance loss, auto-antibody development and skin inflammation. For this reason, it is important to have antibody transfer-induced disease models for the investigation of the role of Tregs during IC-induced inflammation. Analyses of the skin and serum of regulatory T cell-depleted (DEREG) mice suggest that there are two different mechanisms that Tregs could utilize in influencing IC-induced inflammation in the skin. The gene expressions of anti-inflammatory cytokines, including IL-10, IL-13, IL-4, and IL-10, as well as IFNγ (which is a pro-inflammatory cytokine) and T cell chemoattractant CXCL9, are increased in the skin. These data support the critical roles of IL-6-, IL-10-, and IL-4-positive CD4 + T cells, which have been previously observed in an animal model study. These cells have also been suggested as being important contributors during allergic reactions and atopic dermatitis. The inhibition of Tregs is followed by the increase in the amount of the T cell chemoattractant CXCL9 in the skin, which suggests an increase in the number of neutrophils in the blood. In addition, cells that infiltrate into the inflamed skin may be associated with the impaired functions of Tregs. In the mouse model, the depletion of Tregs leads to an upregulation of anti-inflammatory gene expressions in the skin, such as the upregulation of IL-10 and other T H 2-specific cytokines, including IL-13 and IL-4. In addition, this depletion also causes the upregulation of IFNγ, which is a T H 1-related pro-inflammatory cytokine, and chemoattractant CXCL9 in the skin, as well as an increase in the serum level of IFNγ. All of these phenomena contribute to increasing the infiltration of neutrophils in the blood. Moreover, neutrophils can infiltrate the skin, probably through increases in CD18 cells. Tregs can directly interact with neutrophils and block CD18 expression in such cells, which explains the underlying mechanism of neutrophil infiltration that results from the depletion of Tregs. However, a higher concentration of T H 2-related cytokines, which is a result of the depletion of Tregs, may be a rather ineffective counter mechanism. Figure 2 illustrates a probable mechanism of the actions of pro-inflammatory and anti-inflammatory cytokines, in relation to the regulation of neutrophils during the PDs, in the absence of Tregs. 49 Future perspective for treatment of OCP An understanding of the mechanism of OCP not only delineates information about the mechanism and pathogenesis of PDs but also provides insights into ocular allergies or allergic conjunctivitis. Allergic conjunctivitis affecting the eye is very common; in general, this disorder consists of approximately 30% of the many allergic diseases in total. Allergies affect 15% of the world population, and approximately 30% of the US population and 40% of the EU population have some 6 journals.sagepub.com/home/oed type of allergy. 77 Until now, patients with an ocular allergy still suffer from a variety of diseases, as there is no targeted therapy for this condition. This review is an overview of the plausible understanding of the mechanism of OCP development and the immune cells that are associated with OCP. As a result of the publication of this article, it is hoped that several immune-mediated drugs that are able to target only the ocular surface can be generated. In addition, these drugs will be the perfect solution for other ocular surface inflammatory diseases. The reduction of Tregs leads to a higher expression of pro-inflammatory molecules, which also leads to an increase in CD18 cells, followed by the infiltration of neutrophils. This infiltrated neutrophil population then leads to the pathogenesis of pemphigoid disease.
